Supplementary Material Laboratory Evidence of Organic Peroxide and Peroxyhemiacetal Formation in the Aqueous Phase and Implications for Aqueous OH
The supplementary material contains: Table S1 . The full kinetic chemical model ; * = radical (e.g., glyoxal* = glyoxal radical); * n = radical type n (e.g., GLYCOLAC* 1 = glycolic acid radical type 1); O* (or *O) = alkoxy radical ; OO* (or *OO) = peroxy radical; CnD = C n dimer (e.g., C2D = C 2 dimer); X g = X in the gas phase (e.g., O 2g = O 2 in the gas phase); MGLY = methylglyoxal, PYRAC = pyruvic acid, GLYAC = glyoxylic acid, GLYCOL = glycolaldehyde, GLYCOLAC = glycolic acid, LA = lactic acid, MOXLAC = mesoxalic acid, OXLAC = oxalic acid; n = n th order; K eq = the equilibrium constant (M), k r = the reverse rate constant for corresponding K eq ., Thus, the forward rate constant can be calculated by K eq × k r ; (g) = in the gas phase; I (= the decomposition rate constant from alkoxy radicals) = 5e6 s -1 for ~10µM acetic acid/methylglyoxal, 8e6 s -1 for ~10 2 µM acetic acid/methylglyoxal, and 2e7 s -1 for ~10 3 µM acetic acid/ 3.2e7 s -1 for ~10 3 µM methylglyoxal;
b PYRAC is assumed to photolyze to produce only 45% acetic acid with 5 times slower than the literature value (Carlton et al., 2006) . c The rate constant for ROO* + HO 2 is assumed to be similar to that for HO 2 + HO 2 (ROO* = peroxy radical).
d The rate constant for ROOH + OH is assumed to be that of the parent organic compound + OH (e.g. GCOLAC + OH for GCOLACOOH + OH).
d DeMGLY = dehydrated MGLY (containing an aldehyde moiety). Therefore, MGLY is a hydrated form of methylglyoxal.
f The rate constant for DeMGLY + OH is assumed to be the same as that for MGLY + OH. g The rate constant for the formation of peroxyhemiacetals is assumed to be 1e-3, which is the acid catalysis rate constant on aerosol surface (Lim and Ziemann, PCCP, 2009 ). k r is from unpublished data from Tran and Ziemann (2006) . Therefore, K eq = 1e-3/1.6e-4 = 6.25.
h The ROOH photolysis rate is assumed to be the same as the H2O2 photolysis rate. The rate constant for PHA + OH is assumed to be the same as that for MGLY + OH. In the electrospray ionization method from FTICR-MS/MS, however, we propose O 2 loss from an organic peroxide in both positive and negative modes.
A. Negative mode for a photochemically produced organic peroxide from methylglyoxal in the aqueous phase Scheme S2
The HO 2 loss fragment will have a radical on the primary carbon. However, the O 2 loss fragment will have no radical, yet will be still ionized molecule. Thus O 2 loss fragment is more stable than HO 2 loss fragment and will be detected in FTICR-MS/MS.
B. Positive mode for t-butyl hydroperoxide (t-BHP)
Scheme S3
The HO 2 loss fragment will have a radical on the tertiary carbon and will be positive due to electron deficiency. Na + will be repelled, so the HO 2 fragment will not be detected. However, the O 2 loss fragment will have no radical and be negatively induced due to electron donation by three neighboring carbons. Since Na + will be still attached, the O 2 fragment will be detected in FTICR-MS/MS.
